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Abstract 
Driving is a social task, where drivers need to frequently communicate with other road users in different ways (e.g. gestures, 
verbally, etc.). A driver-to-driver communication device could make drivers’ intentions clearer and have a positive outcome on 
the interaction between drivers. This participatory workshop-based research aimed to capture opinions from a group of experts on 
a set of questions specifically related to the task of receiving messages using a hypothetical communication device. Fifteen 
participants actively worked in small groups to answer the same four questions regarding a set of five different driving 
communication scenarios. The questions were designed to capture opinions regarding the content of the message, the best 
modality (e.g. visual, audio) to receive the message and participants’ feelings about receiving the message. Results highlighted 
various design recommendations for this device, such as the advantage of having it integrated with other in-vehicle devices (e.g. 
satnav, radio), and the requirement that the device must have a functionality allowing drivers to switch it off whenever they want 
to. Participants also felt that the content of the message should be carefully considered and rephrased if necessary, in order to 
avoid driver distraction and a negative reaction from the other driver. It was deemed important that drivers should always be able 
to decide what they want to do and never feel obliged to obey the request in a message or even reply to it. Participants also 
suggested that the driver needs to have some sort of confirmation that the message comes from a reliable source. In most 
scenarios participants had a mix of positive and negative feelings when receiving the message. Overall, participants felt the best 
way to receive the message would be either auditory or graphically through heads-up displays.  
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of AHFE Conference. 
Keywords: Driver interaction; Interpersonal communication; Emotions; Participatory design 
  
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
3310   Raphael Lamas et al. /  Procedia Manufacturing  3 ( 2015 )  3309 – 3316 
1. Introduction 
Driving is a social task, where drivers commonly communicate with other road users to make their intentions 
clear. This communication can be made either formally using legal signals approved by the Transport Agency 
Bodies or informally through verbal utterances, hand gestures, etc. An informal interaction may not be understood 
by all drivers and may lead to accidents when two drivers follow opposite rules [1].  
With the advance of technology, novel systems could be introduced within all vehicles to facilitate 
communication without negatively affecting the driving task. Messages between drivers could be exchanged with 
the use of an electronic communication device available in all vehicles. The device can use the technology being 
developed as part of the extensive research on connected vehicles. This technology supplies vehicles with wireless 
devices and sensors which allow them to be connected all the time and to exchange information either with each 
other (V2V), or between the vehicle and the road infrastructure (V2I) [2].   
The interaction between two drivers has specific characteristics that are different from other traditional means of 
communication that are essentially verbal and often face-to-face. Drivers are inside the vehicles, which creates a 
spatial separation and physical barrier. This would make it difficult for a driver to capture another driver’s facial 
expressions and gestures, especially at night. The interaction must be completed in a very short period of time 
because the vehicles are usually in movement and sometimes at high speeds. All of this means that it can usually be 
quite difficult to establish the precise intent of other drivers. If a driver is not aware of another road user’s real 
intentions, this can lead to misunderstandings, which can potentially cause stress, extreme emotional responses [3] 
and possibly result in accidents. 
An initial exploratory study [4] with participants from the general public sought to investigate various 
communication issues raised while driving a vehicle, and how a hypothetical driver-to-driver communication device 
could address them. The aim of the current participatory workshop-based research was to capture the opinions of 
experts on a set of questions specifically related to the task of receiving messages using the hypothetical device.  
The set of questions involved the best ways to present the messages not only in terms of content and format but also 
modality.  
Participatory workshops are a design method based on Participatory Design. They are a quick, flexible and 
powerful tool that allows designers to investigate specific situations and environments by adopting the principles of 
co-design and genuine user participation [5].Workshops are a widely accepted method to stimulate the formation of 
ideas and concepts [6]. Participants work together under the supervision of a facilitator in the same place on shared 
tasks to form and express their opinions. Participants in this research consisted of a group of academic experts. 
There is a plethora of methods that can be used to elicit knowledge from experts. Brainstorming sessions in which 
groups of participants are challenged to generate creative decisions have already often been employed extensively 
with positive results [7]. 
This study also aimed to register experts’ opinions and feelings about receiving these messages in different 
situations. As in the initial exploratory study, this one was also based on driving scenarios, which are specific stories 
used to present information and elicit opinions from participants. Scenario-based studies have been used not only for 
automotive research [8, 9] but also for other areas within Human-Computer Interaction (HCI) [10] and can be 
considered a powerful design tool. Scenarios can be used to explore potential issues with the use of a proposed 
technology, in this case an in-vehicle communications device, before implementation. The technique generates 
predictions about emergent behaviour arising from the user-device interaction and leads to design recommendations 
to support future product development [4].  
2. Method 
2.1. Participants 
Participants were recruited from a group of multidisciplinary academic researchers from the departments of 
Computer Science, Psychology and the Faculty of Engineering at The University of Nottingham. Their academic 
roles vary from second and third year PhD students, senior research fellows and associate professors. All 15 
researchers who took part in the study have vast knowledge in one or more of the areas of HCI, Human Factors and 
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the psychology of driving. Participants were invited by email with details about the study, venue and date/time. 
Participants were not paid anything to take part in this study. The study was approved by the Ethics Committee of 
the Faculty of Engineering at the University of Nottingham. 
2.2. Driving scenarios 
The five scenarios presented during the workshop form an important part of this research and like the initial study 
[4], it was based on a set of driving scenarios involving communication between drivers.  Each driving scenario is 
unique in terms of the following attributes:  
 
x Who starts the interaction; the main driver (i.e. the participant) or the other drivers;  
x The cardinality of the interaction, i.e. if the interaction is between the main driver and the other driver (i.e. one-
to-one) or between the main driver and a group of other drivers (i.e. one-to-many); 
x If the message could be sent anonymously or not;  
x If both vehicles are in movement;  
x The duration of the drivers’ interaction (e.g. brief or prolonged);  
 
With this set of specific scenarios it was possible to cover a wide range of different forms of communication 
between drivers. Table 1 shows the description of these scenarios. 
Table 1. Details of Scenarios. 
# Description 
01 Main driver receives a message sent to multiple vehicles from an 
oncoming vehicle informing them that an accident has just happened 
ahead of them on their side of the road. 
02 Main driver has a sticker on the back of their car from the football 
team they support. They receive a friendly message from the driver 
behind who supports the same football team.  
 
03 Main driver is late for work / an appointment. The car in front of them 
is travelling very slowly. Main driver receives a message from the 
driver saying they are lost. 
 
04 Main driver receives a message from the driver of a blue car leaving 
the car park just in front of them, asking if they can pull out in front of 
them as soon as the traffic lights turn green. 
 
05 The traffic light is green for the main driver, but a blue car has 
blocked the junction. The main driver receives an apologetic message 
from the driver of the blue car. 
2.3. Procedure 
Participants initially read the information sheet containing details about the steps involved in the study and signed 
the consent form. Participants were then divided into five groups with three participants in each group. Each group 
of participants was given a number from one to five and then members were invited to take their places at a table 
with the scenario number on it. The researcher made sure that at least one participant in each group had extensive 
knowledge in automotive human factors or the psychology of driving. Before the study started, the researcher gave a  
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Fig. 1. Driving Scenarios. 
10 minute presentation explaining to all participants the aims of the study and the planned activities. The researcher 
also presented each of the five driving scenarios. After the presentation, the researcher asked participants if they had 
any questions. On each of the five tables there was a piece of paper (A3) with a different scenario presented in 
textual and graphical form (see Fig. 1), a sheet of flip-chart paper with the number of the scenario at the top and four 
questions, coloured Post-it notes and coloured pens. The total duration of the study was one hour.  
Each group had eight minutes to answer four questions for each scenario (see Table 2). The questions aimed to 
capture opinions regarding the content of the message, the best modality (e.g. visual, audio) to receive the message 
and participants’ feelings about receiving the message. Participants answered these same four questions for all five 
driving scenarios. A large countdown timer was placed in the room, in a location clearly visible to all groups so that 
participants could have easy access to how much time they had left.  
Table 2. Questions. 
# Questions 
01 What do you think about receiving this message? 
02 How would you feel? 
03 What should the message be?  
04 How could the driver best receive the message? 
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Participants were asked to write their answers to the questions on coloured Post-it notes and stick them on the 
flip-chart paper below each question (see Fig. 2). They were encouraged to use more than one post-it per question to 
explain in detail their points of view. When the time was up, the researcher politely asked each group to move to the 
next table where another scenario was presented. Group number one moved to the table where scenario number two 
was presented, group number two moved to the table where scenario three was presented and so forth. The groups 
were allowed see the answers from the previous groups. Each group took their Post-it notes with them, using the 
same coloured notes throughout the study to be able to easily identify the answers from their group. For example, 
group one used a lime-green Post-it note in all scenarios while group two used a yellow Post-it note. 
At the beginning of the study, each participant was given a small piece of paper containing five general aspects 
related to the topic of this research. Before and during the workshop participants were prompted to think about these 
aspects when answering the questions:  
 
x Important issues such as driver distraction AND road safety  
x If the driver who sends the message will be identified and, if so, how 
x The best way/s that a message can be received by the driver (i.e. modalities) 
x What should the message be?  
x The content AND format/characteristics of the message 
2.4. Data analysis 
A thematic analysis technique for qualitative data was employed in this study. This formal iterative method is 
based on the demarcation of words and short sentences (i.e. codes) which are related back to the aims of the research 
[11]. The first step was to transcribe the information from the Post-it notes to a text document grouped by driving 
scenario and question. The group number and colour was appended to the end of each piece of information. The 
second step, before starting the analysis, was to compile a comprehensive list of the main themes for this study, 
which varied from emotions (e.g. glad, stressed, and grateful) to the use of specific technology terms (e.g. 
Augmented Reality, Satnav). The researcher then analysed the transcribed data according to each driving scenario 
and each question. More codes were created during this process. The coding process continued in order to find 
common themes based on the opinions of the groups about each question. This allowed the researcher to find 
commonalities and discrepancies of opinions from each group of participants. The final data was reduced to a set of 
codes based on each question and driving scenario. 
 
 
Fig. 2. Flipchart with scenario. 
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3. Results and discussion 
3.1. Emotions 
The device could have a decisive effect on the outcome of an interaction between two drivers by having an effect 
on their emotions. For example, the situation could be dealt with, or the other driver could become angry, resulting 
in a road rage situation. In most scenarios participants had a mix of positive and negative feelings when receiving 
the message. Some participants mentioned the device would be extremely useful and they would feel grateful, 
pleased and less annoyed after receiving the message. The device would increase the awareness of the driver and 
would allow them to feel under control. Drivers would have a clear understanding of the current road situation such 
as the reasons for the driver in front being so slow or the reasons for having traffic jam caused by an accident ahead 
on the road. In scenario number two, participants also reported pleasant feelings associated with having a shared 
interest with the other driver (i.e. supporting the same football team). In this specific scenario the device would 
allow them to feel a connection to the other driver and both be part of something. In a situation where the other 
driver executed a bad manoeuvre, such as having accidentally blocked a junction, participants suggested the device 
could relieve road rage because they would feel less angry knowing the other driver acknowledged their error by 
sending an apologetic message. 
Participants also reported negative feelings such as being more annoyed, stressed and angry. In the scenario 
where there is a slow driver in front, participants reported being unsure what to do in this situation and that the 
correct action of the other driver should be to pull over and look at a map. Participants would not be willing to help 
the other driver if they were in a rush. The exchange of messages was also viewed as unnecessary and a waste of 
bandwidth in scenarios where they contained no new information per se. The same message, even though showing a 
shared interest, could make the driver feel annoyed if they received it over and over again. Some participants felt 
obliged to obey the request in the message or to reply to all messages, which might not always be something they 
want to do, therefore creating a negative effect on their emotions and willingness to use the device.  
3.2. Design recommendations 
Results highlighted important design recommendations for the messages received by this driver-to-driver 
communication device, which were not found in previous studies. Firstly, participants mentioned the advantage of 
having the communication device integrated with other in-vehicle devices. Audio messages could be played using 
the vehicle sound system. Specific information about the location of an occurrence, such as accident on the road, 
could be presented through the vehicle’s satnav. Based on this information the satnav could then suggest an 
alternative route to the driver to avoid going near this accident. 
Secondly, the communication device should have a functionality that allows the driver to completely switch it off 
whenever they want to, similar to any other in-vehicle device. The driver who sent the message should then be 
notified that the message was not received by the other driver because of this. Participants also indicated their 
unwillingness to receive messages not directly related to the driving context. Therefore, the communication device 
should also have a functionality, which allows the driver to block specific types of messages.  
Thirdly, results showed trust issues regarding the content of the message in scenario number one. Participants 
reported that there was no way of knowing, only from the content, if the message about an accident ahead on the 
road came from a reliable source. The message should have extra information that would assure the driver that it is 
trustworthy. The device could display the message to the driver only when the number of drivers who sent it reached 
a specific minimum number. The message could then also indicate the number of drivers who have sent it as an 
extra piece of information. Social networks such as Twitter make use of a distinct visual icon to indicate that a 
profile is of a famous person. An interesting suggestion from the participants was to provide a similar visual icon 
when the message comes from a reliable source (e.g. the police). Trust issues were also found in other scenarios 
where some participants felt that there was no way of knowing if the other driver really meant what they said and, as 
in the previous study [4], that some drivers might use the device as a justification for executing a wrong manoeuvre, 
such as cutting in front of another driver.   
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Fourthly, overall participants reported that the best way to receive visual messages would be through the use of 
heads-up displays (HUD). HUDs display information on the windshield of the car in the driver’s field of vision. 
According to the participants, the main reason for choosing this is because it is considered a less distractive 
interface, which could reduce driver errors. When compared to head-down displays (HDD), HUDs have been shown 
to reduce navigational errors and response time to unexpected events on the road, therefore reducing the number of 
accidents and collisions [12]. However, studies have also shown some disadvantages of the use of HUDs such as 
driver distraction due to the increased mental workload, a concept called cognitive capture. Besides this clutter, 
over-reliance and contrast issues are also a challenge for HUDs [13]. In addition, participants suggested that the 
messages could also be received in an auditory format (i.e. speech based) in many scenarios. A combination of both 
visual and auditory could be the best solution as this is already found in the literature [12]. 
Finally, the content of the message is an important aspect to consider and should be carefully designed. One 
example where the message could be rephrased is in scenario number four where the blue vehicle is leaving the car 
park. Instead of asking permission to pull in front, the content of the message could be rephrased to show the 
direction of the vehicle, for instance, an arrow pointing to the right. According to the participants, this would be less 
intimidating for the driver to agree to the request and would not cause a negative reaction. The driver could then 
make a decision if they think it would be appropriate to stop and let the other vehicle pull in front or not. 
Participants also mentioned that the content of the message should be carefully designed to avoid driver distraction. 
The message should be extremely succinct and should be displayed only for a very short period of time.   
4. Limitations 
This study took place at one research institution only. It would be immensely valuable to capture the opinions of 
researchers from other universities. It would also be extremely positive to run the same workshop with experts in 
Human Factors and HCI from industry. This would allow the researcher to analyse if there are different points of 
view among experts from academia and industry regarding this specific subject.  
The main method employed in this study was a participatory workshop. Due to time constraints it was not 
possible to run a focus group as a second part of this study. More extensive data would have been gathered if 
participants had had more time to discuss with the others their answers and also to answer other questions prompted 
by the researcher.  
5. Conclusion and future work 
Drivers face different types of common driving situations that require communication with other drivers. A 
driver-to-driver communication device could make drivers’ intentions clearer. This study found that there are some 
situations where the device could be extremely helpful, promoting politeness and making the driver feel happy and 
appreciative. However, some issues such as reliability, message content and modality must be fully dealt with first. 
For future research, the specific task of sending a message using the device will be investigated. One possibility 
is for this research to take place in a driving simulator where participants would be presented with distinct 
techniques to interact with a prototype version of the driver-to-driver communication device to send a message to 
other vehicles. For example, the interaction could be a mix of gestural and voice-based. The same set of driving 
scenarios from this current study could be used. The acceptance of this device and the effects of emotions on the 
outcome of the interaction also need to be thoroughly investigated.  
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